Introduction
Automotive manufacturers have indicated that palladium (Pd) will be used in connection with platinum (Pt) in automotive catalytic converters. These converters are designed to reduce the concentrations of carbon monoxide (CO) and hydrocarbons (HC) in the exhaust stream by oxidizing them into carbon dioxide and water. The control of the concentrations of CO and HC in automotive emissions is necessary for light-duty vehicles to comply with the CO and HC emission standards set forth in the Clean Air Amendments of 1970 (1) . With the use of Pd and Pt in automotive catalytic converters, there is the possibility that some of the material will be emitted to the atmosphere or * U.S. Environmental Protection Agency, National Environmental Research Center, Environmental Toxicology Research Laboratory, Cincinnati, Ohio 45268.
enter into other segments of the environment following degradation or disposal of wornout converters.
At the present time, the authors are not aware of any information concerning the chemical form of Pd or Pt which may be emitted in the exhaust. It can be speculated that the attrition products from the catalyst could include: particulate composed of the metals combined with substrate material; Pd and Pt oxides; Pd and Pt metals; possibly other chemical forms.
Although toxicological data on these two metals is extremely limited, reports indicate that toxicity varies with the chemical form (2) (3) (4) (5) (6) (7) (8) (9) . In the studies that are discussed today, we have used the soluble salts of Pd and Pt in order to ascertain some of the basic toxicological and metabolic aspects. It is realized that the availability and metabolism of other chemical forms or substrate material containing Pd and Pt may be different; however, these data should serve as April 1975 a guideline for additional studies on the biological effects of these two elements.
Methods
The outbred albino rats (Charles River CD-1-strain) used in these studies were maintained on a commercial diet (Purina Lab. Chow) and tapwater ad libitum except where otherwise noted. Rabbits were obtained from a local supplier and fed a commercial diet (Purina Rabbit Chow) and tapwater ad libitum. All rats were euthanatized with an overdose of chloroform anesthesia. Samples collected routinely were blood, heart, lung, liver, kidney, adrenal gland, pancreas, abdominal fat, spleen, skeletal muscle, bone, brain, testicle, and ovary. In the pregnant females, four placentas, and four fetuses were taken from each pregnant rat, and a pooled sample of fetal livers was also saved.
Radioactive Determinations 103Pd in 0.6M HCI was diluted as indicated and used in all the studies. The isotope has a half-life of 17 days and a 0.362 MeV y. Immediately after dosing, whole-body counts were made on all animals used in the retention studies. The animals were counted daily for the first few days, and then every other day for the duration of the experiment. A 200-channel y spectrometer with a 5-in. NaI (TI) crystal was used for whole-body counts. Tissue, urine, and feces samples were counted in a well-type, refrigerated scintillation spectrometer.
191"'93Pt in 0.5M HCI was diluted and used as described in the Pd studies.
The solution contained at least 50% 191Pt, and only the 19'Pt y was counted. All values were corrected for decay (191Pt has a halflife of 3 days).
Results

Palladium Toxicity
By using the method of Deichman and LeBlanc (10) , the approximate LD50 of PdCl2 1.84 (1.04-3.27); no significant heterogenicity was noted.
Following acutely toxic IV doses of PdCl2, death occurred very rapidly, with a sharp threshold such that if exitus did not occur within 5-10 min, the animals (both rats and rabbits) survived the 14-day experimental period. Clonic and tonic convulsions were noted in rats and rabbits. Following IP injection, necropsy findings indicated a chemical type "burn" of the viscera in animals dying within 24 hr. Gross pathologic examination of IP dosed survivors at 14 days showed prominent peritonitis with numerous visceral adhesions.
A limited number of rats from the intravenous and intraperitoneal studies were housed in metabolism cages and several toxicometric parameters were measured during the 14-day observation period. Survivors of an acutely toxic IV dose of PdCl2 exhibited a 25%o decrease in water intake and urine 
Platinum Toxicity
The results of a preliminary range finding study on the acute toxicity of IV PtCl4 in rats is given in Table 3 . The high incidence of mortality at the lowest dose precluded determination of the LD50 (14 days).
However, the lowest dose would appear to be a reasonable approximation.
In two groups of rats maintained for 23 days on drinking water containing 235 ppm and 470 ppm K,PtCl4, respectively, there was a decrease in weight gain and water consumption. For the high dose level the weight gain decreased 14.7%o and the water intake decreased 32.8%. No gross pathological changes were found at necropsy. Additional studies are currently in progress on Pt toxicity. 
Environmental Health Perspectives
Metabolism of Palladium Whole-Body Retention. Analysis of the data for whole-body retention of 103Pd following a single exposure disclosed that the route of administration of the dose significantly affected whole-body retention. The 103Pd retained in rats, 1 to 28 days after dosing PO, IV, or ITR is presented in Figure 1 . Following PO dosing, the retention curve declined very rapidly during the first 3 days to about 0.4% of the initial dose. The initial rapid clearance is attributed to passage of the unabsorbed 103Pd through the gastrointestinal tract. Extrapolation of the second component of the retention curve to the intercept indicated that absorption was less than 0.5% of the initial dose. Retention of 103Pd by the suckling rats following oral administration was similar to the adults; however, the amount absorbed and retained with time was significantly higher.
The amount of 103Pd retained following ITR dosing was significantly higher than for PO dosing and also higher than inhalation exposure (Fig. 2) . The difference in retention between inhalation and ITR exposure may be due in part, to protein binding of the 103Pd following injection. The greatest amount of 103Pd retained over a period of time occurred following IV administration. Excretion: Radioactive counts of 24-hr urine and feces samples from the rats receiving the 103Pd PO showed that almost all of the 103Pd was eliminated in the feces, and only a trace amount was excreted in the urine (Fig. 3) . With IV administration, 103Pd was eliminated both in the urine and feces in similar quantities. Toward the end of the study, urinary excretion exceeded fecal excretion.
Tissue Distribution: The distribution and concentration of 103Pd was determined for different tissues following PO and IV dosing.
Twenty-four hours after PO dosing, detectable quantities of 103Pd were found only in the kidney and liver. The concentration in the kidney was much greater than in the liver. Twenty-four hours after IV dosing, 103Pd was found in all the tissues analyzed, with the highest concentrations occurring in the kidney, spleen, liver, adrenal gland, lung, and bone, respectively.
The rats used in the whole-body retention study were sacrificed 104 days after exposure and the tissues counted. No significant amounts of 103Pd were found in any of the tissues from the group receiving the PO dose. In the IV-dosed rats, the highest concentrations of 103Pd were found in the spleen, kidney, liver, lung, and bone. For the ITR-dosed rats, the lung contained the most 103Pd followed by kidney, spleen, bone, and liver.
Maternal/Fetal Uptake: Thirteen pregnant rats (16th day gestation) were each given 25 uCi 103Pd IV and sacrificed 24 hr later. During the 24-hr period, the pregnant rats excreted 44.2% of the initial IV dose. The amount excreted by the pregnant rats was higher than the amount excreted by the fasted adult male rats during the first 24-hr period. The magnitude of the difference in 103Pd concentration among the maternal organs and also between maternal tissues and the fetuses is best shown by the counts per gram of tissue, which are given in Table 4 . The pattern of distribution and concentration of 103Pd in maternal organs was similar to that previously found in the wholebody IV experiment. Most of the fetuses (35) contained a small amount of 0""Pd, and the mean value for these fetuses is given in Table 4 . However, radioactive counts for 17 fetuses from five litters was not significantly higher than background. The same pattern of results was obtained for the fetal livers. The amount of 103Pd found in the fetuses indicated that Pd does not readily move across the placental barrier in the rat.
Metabolism of Platinum
Whole-Body Retention: The whole-body retention of 191Pt following a single exposure was significantly affected by the route of administration. The per cent of 19"Pt retained in rats 1-28 days after dosing PO, ITR, and IV is presented in Figure 4 . Following oral dosing, the total net gastrointestinal excretion was extremely high, resulting in a rapid decline of the retention curve to less than 1 o at the end of 3 days. The data indicated that the rapid clearance was due to passage The whole-body retention of 191Pt following ITR dosing was significantly higher than for oral dosing. The excretion of approximately 50% of the initial dose during the first 24 hr is attributed to mucociliary and alveolar clearance. The retention of i9'Pt following ITR administration was higher than following inhalation exposure (Fig. 5) . Whole-body retention was the highest following IV dosing; the short half-life precluded an accurate determination of the biological half-life.
Excretion: Radioactive counts of 24-hr urine and feces samples from rats receiving 191Pt PO indicated that almost all of the 191Pt was eliminated in the feces and only a small amount was excreted in the urine (Fig. 6) . These values support the whole-body data that showed that total net gastrointestinal absorption was low. Following IV administration, 191Pt was excreted in both the urine and feces, but the urine contained a greater quantity. Tissue Distribution: The distribution and concentration of 191Pt in tissues was determined following PO and IV dosing. After a single PO dose, the kidney and liver contained the highest concentrations of 191Pt. The -amount of radioactivity found in the other organs was -not significantly higher than background. Twenty-four hours after IV dosing, i9'Pt was found in all the tissues analyzed, although most tissues did not contain concentrations of 191Pt which were appreciably higher than that found in blood. The large amount of 191Pt found in the kidney suggests that this organ accumulates this element. Concentrations higher than the blood values were also found in the liver, spleen, and adrenal gland. The lower count for the brain suggested that 191Pt can be 
Discussion
It has been stated that the use of catalytic converters will involve exposing the general population to low levels of Pt and Pd compounds and that the exposure to Pt compounds are likely to range from 1/100 to 1/10 of the threshold limit value for Pt salts (12 
